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righty under state and federal lawvs, be considered a polliutant and as
such prohibited. Ex tensive deve 'om”ent programs were carried out on
the ion exchange recovery method at both Paducah and Portsmouth.
Recently some experimental worl: has been carried cut at Paducah and
Portsmouth on the reduction-u recipitation process for removing

hexava;ent chromium from blowdown sireams.
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The Utilities Department at CR WCDP requested a water treatment company
to meke an evalustion of the possible solutions to the blowdown
problem in 1865. The report presented the econcmics of several
processes, all of which resulted in higher operating costs.

T+ wng believed that sone provision should be mede in the CUP Scoping
Studies for resolutiocn of the potential blowdown problem. As a
result of this re-evaluation, the tlowdown scftening and recycle
process was develcoped vy C. C. FTowlkes and B. R. Webb of ORGDP's
Utilities Department. 7Tie proce is the sirmplest and most economic
solution to the problem of chromate discharge to surface waters via
cooling *ower bPlowdown presently = ailable. Several reports have
been*published on this method, the latest of which is "Sortening of
Cooling Tower Blowdown Water for Reuse, ' K-P-i023 vy C. C. Fowlkes/
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H. E. Tremmell -2~ January 24, 1973

of magnitude in the total chrcmate discherged to the environment. How-
ever, there remains the potential problem cf discharge through water
droplets entrained in the vapor plumes from the towers. If this dis-
charge is prohibited then it results in the elimination of chromate in
the recirculation systems. This situation would necessitate an exten-
slve tectﬁvr program similar to that carried out in the late 1650's
nts. Ve would make some eifort to lower
£3111 be faced with major capitel expenditures,
1ncreasea fouli T-st e for continusl condenser replace-
ment. Table 1 a) From ”bvaluatlon of Corrosion Inhibitors
for Opan Recirculating Water Systems,” ¥¥-hs55, 196k, by A. W. Gorline,
gives a gocd indication of what we could expect.  Our current operation
with the chromate bvaged treatment gives corrosion rates of about
0.1 mils per year on copper end < 0.5 mils per year on steel with no
evidence of substantial pitting. The ?oullrr on clean hezt transfer
surfaces is expected 1o be about 0.C0C5 hr 12 °¥/Btu. VWith phosphate
we would expect general corrosion rates of 1.0 mils per year on
copper and 10.0 mils per year on steel. However, of more concern would
be the pitting corrosion expe ienced cn tﬁe copper condenser tubes
vhich would result in increassd failure rates and decrease cascade
production. me would probably als e ¥

fouling on the order of 0.001 :
to 0.005 or 12 °F/Btu. ’

] 1
water tempe :atures but
T sm Lim

In general, we are ma 1qtai‘1ng an unusuzlly good water system for a
chemical process piant. Fouling is virtually non-existant and the
corrosion rate is negligible. Chromates appear to be the only widely
accepted treatment for high temperature (over 120°F) service and are
considered the best available for all conditions where minimal corrosion i
is important. Non-chromate water treatments are presently Dbeing in- "TzuA
ventigated for use in those portions of the ORGDP water system where Ak
temperatures are low and conditions are not sc critical such as in K-25 i

.
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and the fire water. The water conditioning industry is well aware of J»»‘*
the problems associated with chromates and are actively working on ULJF 11; ﬂ&b
developing and proving substitutes. aﬁxxldbw S il Ci»

As far &b eliminating the chromates are concerned, one approach, of U%“ﬁﬁQJfﬂ

course, is to reduce the water temperature and go to scme other treat-

ment. However, since the same amount of heat must be removed, if the Or(liﬁﬁltl&p
temperature rise is cut in-half, then the water flow rate must double.

To accommodate the extra water flow we would need additional towers

and recirculating water lines, and probably some new and /or modified

condensers. An alternative epproach would be to add dry tower s {air-

ccoled condencers) instezd of the wet tower Ve estimate +hat either

of these schemes would involve capital expenditures of $10 to $20

million plus some 2dditional operating expenses. If we went to wet

towers, the cooler. water vapor in the plume would be more susceptible .
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" H. E. Trammell : -3- ‘ V January 24, 1973

Another dlr et evpproach is to find a suitable water treatment for use

o

Py

t the present temperatures. Along this line, we'lve invited representa-
ind iy

tives from Waﬁer Services Incorporated of Knoxville, Tennessee to visit
us and discuss & treatment they claim is environmentally acceptable and
will perfeorm at our temperatures. In addition, the Utilities Department

is contacted almost weekly by other water treatment companies. These
companies are also working on non-chromate treatments aﬂA we'll try to
keep up with their develcpments

There are also some indirect approaches that have been looked at, such”
as & heat pump system for heating and cooling buildings, and the power

recovery concept. While these approaches would probably involve greater

capital expenditures, they do have a potential for reducing overall costs.

We will have a much better idea of the magnitude of the problem when we

get some results from the study we're just beginning on the environmental
effects of cooling towers. In the meantinme, we will keep in touch with

the people at Y-12, CORNL and Paducah who are involved in this type of
work and keep those involved informed of any pertlnent develorments.
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Inhibitor

10-24-52
Calgon

Calgon

Nalco 333

Biznodic
Qrocol 181_

Zinc Dianodic
Orocol 175-Z2
Low Cr04

Zine Dianodic
Orocol 155-Z
High CrOQ

Zinc Dianodic
Orpcol-TL
Low P04

Approximate
-

TABLE 1

CORROSION INHIBITOR HISTORY

Chemical Constituent
Balances in the RCW
Svstem

1 to 8 ppm Meta - POy,
pPH 7.6 to 8.1

4 to 6 ppm Meta - PO,
pH 6.5 to 6.9

i20~22 rpm Total - PO,

. 1 ppm Sodium Ferricyanide

pH 6.1
Ca Limit 330% ppm CaCosx

20 .22 pexm Total - POQ
20-22 ppm Cx04

pH 5.9 - 6.1

Ca Limit 300 ppm CalOls

'10-13 ppm Total PO4

10-12 ppm CxO,,

1.4 - 1.8 ppm Zn

PH 5.9 to 6.1

Ca Limit 280-300 ppm Callz

10-13 ppm Total - PO,
20-24 ppm CxO

1.4 - 1.8 ppm Zn

pH 5.9 - 6.1 o
Ca ILimit: 260-300 ppm CaCls
or 3.5 to 4.5 Cycles

ppa Total Oy,
20-24 ppm CxOy4
ppa <Zn

pH 6.2 - 6.5

Ca Limit 450 ppm CaCOp

Test
Duration
Days

46 copper
106 steel

40

80

150

160

172

Corrosion Rates
In Mils Per Vear

Coppex Steel

No record. No record.

1.0 10.0
Pitting
Corrosion

2.2 5.2
Pitting

Corrosion

(o]
o -
o~
W0

.52

L ,
0.80 0.85
0.15 0.35
0.12 0.15
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December 4, 1970

United States Atomic Energy Commission
Post Office Box E
Oak Ridge, Tennessee 37830

Attention: Mr. C. A. Keller, Director
Production Division

Gentlemen:

Chromate Usage and Disposal

The attached report gives some general background on water treatment
at ORGDP and specifically covers various aspects of the use of
‘ chromate in water systems.

As indicated in the information presented, we know of no satisfactory
substitutes for chromate as a corrosion inhibitor in relatively high
temperature recirculating water systems.

A considerable effort has been expended in investigating and experi-
menting with various approaches directed toward removing chromates
from the blowdown waters. -As you know the problém was recently
studied by an interplant committee consisting of personnel from ORGDP,
Paducah, GAT, and Y-12, and a status report was issued*. Consider-
ation of the several possibilities for amelioration of the problem
indicated that both destruction-precipitation and ion exchange tech-
niques would probably be successful should it be necessary to treat
blowdown water. It was also concluded that choice of procedure might
vary among the sites because of different conditions and restrictions.

* pykstra, J., Pashley, J. H., Shapiro, T., ORGDP; Richardson, E. W.,
Paducah GDP; Kite, H. T., Y=12; Cooke, G. F., Seufzer, P. F., GAT;
‘ Cooling Water Discharge Streams at Gaseous Diffusion Plants and Y-12,
Union Carbide Corporation, Nuclear Division, Oak Ridge Gaseous
Diffusion Plant, August 4, 1970, (K-GD-279).

This document has been approved for release

Prepared by Union Carbide Corporation-Nuclear

/s, Z ol s Division, operating contractor for the U.S. Department
i Ttorifiod. Offcer = ' of Energy under U.S. Government Contract No.
Oak Ridge K-£5 Site W-7405-eng-26.




U.S.A.E.C.
Mr. C. A. Keller -2- December 4, 1970

A very promising technique which may solve the chromate disposal prob-
lem at ORGDP is to recycle the blowdown to the make-up water system and
soften the mixture. This approach will avoid the discharge of chromate-
laden water to receiving streams and will permit the recovery of chro-
mates for reuse.

We hope this summary provides the information you desire.

Very truly yours,

N2

R, G. Jordan,
Oak Ridge Gaseous DY

RGJ:ayb
Attachment

cc: Mr. J. M. Case
Mr, S. J. Cromex v
Mr. R. F. Hibbs /
Mr. W. J. Wilcox, Jr.
Mr. R. A. Winkel




WATER TREATMENT AT ORGDP

General Background

Initial operation of recirculating water systems at ORGDP required little
treatment as return water temperatures were in the 100-110°F range. The
total treatment consisted of maintaining 1-2 ppm polyphosphates at a pH of
7.7 with some intermittent chlorination. Steel corrosion rates were fair
and due to the relatively high pH, copper corrosion rates were excellent.

The first indication of future difficulties at higher return water temper-
ature was in the "C" loop (K-27/K-29). At return water temperatures of
120°F, serious process scaling occurred at the 7.7 pH., The pH was reduced
to 6.7 by continuous sulfuric acid feed. This required more corrosion in-
hibition, resulting in the polyphosphate concentration increase to about

8 ppm. The corrosion rates were fairly high with these conditions.

The K-3l recirculating water was even hotter (130°F by the end of 19251 and
146°F by January 1954) and the high pH - low polyphosphate was discontinued
after only a few months. The treatment was changed to that of "C" loop,
but unsatisfactory high corrosion rates were experienced.

Before the K-33 recirculating water system was placed in service (March 18,
1954), it was decided that polyphosphate type treatment that could cperate
successfully at somewhat lower pH values to combat the scaling tendencies

of the expected high return water temperature, would be necessary. The
decision was made to use a polyphosphate with synergistic~action from a
ferro-cyanide additive, at a recirculating water pH of 6.2-6.4. Fortunately,
this treatment was discontinued on June 11, 1954 when the copper content had
risen to 1 ppm (equivalent to 100 lbs of soluble copper in this system).
Both steel and copper corrosion test nipples showed very high corrosion rates
and it was decided that this treatment was operated at too low a pH value
with no specific copper corrosion inhibitor (as chromates).

After an intermediate period with Calgon treatment, Betz Dianodic treatment
with 20 ppm chromate and phosphate was started on October 12, 1955, and
with some modifications has been in operation since that date. The steel
and copper corrosion rates have been excellent. The successful Betz treat-
ment was extended to other ORGDP recirculating cooling water systems.

Chromate Usage at ORGDP

Since.gnauguration of chromate treatment at ORGDBy the concentration levek
has been ‘maintained almost continuously at the 20-ppm level for the high
temperature systéms (K-~31 and:K-33). For-a short-period a 10-ppm level of
chromate and 20 ppm of phosphates-was tried in the K-33 system, but .inferior
corresion results. prompted a quick return to the 20-ppm level. Other changes
have been made in recirculating cooling water treatment, the most notable of
which has been the reduction of phosphate concentration to 1-2 ppm level.
This reduction has been accomplished by the addition of 2-ppm zinc. The
lower temperature systems give satisfactory corrosion results at 10-ppm
chromate level.




Our blowdown water has been reduced from over 5 million gallons per day to
1 million gallons. The major portion of this 1 million gallons per day
that is removed from the systems is not needed for water treatment control
but is "lost" due to nonreturn usage, primarily the K-1037/K-1100 buildings.
It is planned to provide this facility with a separate cooling water system,
thus eliminating the nonreturn usage.

Corrosion Test Results

The corrosion rates in systems contalning chromates are compared with those
using other treatments in the following table.

CORROSION RATES FOR DIFFERENT WATER TREATMENTS

Corrosion Rate (mils/vear)

Treatment Steel CoEEer
Chromate © 0.,25% 0,555%

Nalco, synergist

(K~33 startup) 40.0 5.0
Calgon, plain 1.7 0.2-1.5
Calgon, TG

(130°F system) 1.5 , 0.1-0.5

* Four system average.

It should be noted that while a high corrosion rate is always objectionable,
the average penetration in mils/year cannot necessarily be correlated to
service life as pitting-type corrosion sometimes occurs.

Proposed Substitutes for Chromate-Type Recirculating Water Treatment

Although water treatment specialists offer nonchromate recirculating cooling
water treatment, none have even suggested that their best nonchromate type
treatment will give good results, economically and corrosion-wise with the
ORGDP high return water temperature. Generally, their expected treatment

costs are increased by a factor of five and upward with expected corrosion
rates increased by the same factor.




A list of vendors who offer water. treatment chemicals follows:

Betz Laboratories Ionac Chemical Company
Calgon, Inc. Nalco

Deaborn Chemical Company Stauffer Chemical Company
Garratt—-Callahan Company Stein Hall & Company, Inc.

We, along with many others, are investigating and trying to follow new pro-
posals for a substitute for chromate. It is our understanding that all water

treatment specialists are working on this problem. We will continue to keep

contact with chemical concerns offering new proposals. However, at this time,
we are unaware of any acceptable substitute at high temperatures.

Future Plans

All the K-31 and K-33 blowdown requirements will be blended with raw Clinch
River water and the mixture softened in the Accelators. In fact, for the
last seven months all K-33 controlled blowdown (260 gpm) plus some (40 gpm)
K-31 blowdown has been softened in this manner*. The results of this ex-

tended trial run have been encouraging. For the small remaining blowdown

requirements from the low temperature systems, we plan to install a small
reduction or recovery unit or pump back to the Accelators for softening,
depending on the economics. It should be noted that our blending/softening
operation recovers all the soluble chromates in the blowdown and they are
available for reuse, reducing new chromate additions.

With present treatment available, the recommendation for ORGDP high temper-
ature systems is the continued use of chromate treatment with chromate re-
moval from any blowdown stream prior to discharge.

* Fowlkes, ‘C. C., and Webb, B. R., Experimental Softening of Reecirculating
Water Blowdown for Reuse, .Union Carbide Corporation, Nuclear Division,
Oak Ridge Gaseous Diffusion Plant, July 2, 1970.
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Oak Ridge, Tennessee Ff o Z«CIiJL~ '

Attention: Mr. S. R. Sapirie, Manager
Oak Ridge Operations

Gentlemen: e

Cooling Water at Gaseous Diffusion Plants T~

Reference is made to your letter of September 26, 1969, asking that a
study be made of the problems involved in cooling water discharge from
our production plants, with particular emphasis on the problem of
chromates. A joint UCND-GAT task force chaired by Mr. John H. Pashley

‘ of the ORGDP has completed the requested study of the three diffusion
plants and of the ¥-12 plant. This report was circulated in June in
draft form for comments and is now being issued as report K-GD-279,
Cooling Water Discharge Streams at Gaseous Diffusion Plants and Y-12,
authored by Messrs. J. Dykstra, J. H. Pashley, and T. Shapiro of ORGDP;
E. W. Richardson of Paducah GDP; H. T. Kite of ¥-12; and G. F. Cooke
and P. R. Seufzer of GAT. The report is dated August 4, 1970, and is
being distributed separately.

XSy,

RFH:WJW:xrl

cc: Mr.,
Mr.

. M. Case
. J. Cromer
Mr. R. G. Jordan
Mr. G. H. Reynolds
Mr. P. R. Vanstrum
CTEET’WT’Ei’Wilcox,,3f7\~1
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Mr. W. J. Wilcox, Jr.v// Date ~July 17, 1970 -

Building K-1004-A Originating Dept. Process Systems Development

Answering letfer date

Mr. H. E. Trammell Subject Cooling Water Discharge
File (NoRC)

Streams at Gaseous Diffusion
Plants and Y-12

According to the discussions with Jerry Wing, who is gathering comments
for Lenhard on the above, i.e., chromate report, they feel that the
current version must be viewed as an interim report because it does not
provide a cookbook solution for the problem. | agree; however, | feel

that the report supplies the information requested by S. R. Sapirie's
letter and set forth in your letter and Roger Hibbs' letter to Sapirie.

During the period the committee has been active, several progressive
actions have been taken:

1. The K-25 water treatment group has implemented their blowdown

resoftening work; i.e., chromate discharge avoidance by resoften-
ing and reusing the flow which would be blown down to the streams.

Y-12 has looked hard at their problem and is planning tests with
nonchromate inhibitors for their systems which involve lower
water temperatures than at the diffusion plants.

Engineering activities including economic studies have been
initiated at all plants.

Some additional test work has been performed at K-25 on continuous
ion exchange with the result of verifying the Chem-Seps flow sheet,
in general, but demonstrating that there may be some difficulty in

assuring a 0.05 ppm chromium level without either a backup column
or larger loading zone.

As | read your letter and that of Mr. Hibbs, it appears that the committee
was appointed to prepare this report and that the issuance of the report
would terminate its existence. | ‘feel that | should point out both that

the problem appears to be broadened because of several factors and that
development of courses of action remains to be achieved.

Prepared by Union Carbide Corporation-Nuclear

Division, operating contractor for the U.S. Department

of Energy under U.S. Government Contract No.
W-7405-eng-26.




Mr. W. J. Wilcox, Jr. 2 July 17, 1970

The broadening of the problem has, to a large extent, been caused
by the success of the ORGDP work on recycle softening. Both capital
and operating costs presented by ORGDP make the approach look very
attractive, and !'m sure that the AEC will feel this way because
Wing has already commented thus. Both Paducah and Portsmouth have
various objections, including difficulties in incorporation into
their system due to the layout of their water systems and feelings
that the operation at high solids content implied by the blowdown
resoftening will cause additional operating and corrosion problems.
Paducah furthermore has the concept of combining all liquid waste
problems, such as fluorides, etc., with the water discharge; | don't
know that this is desirable or inconsistent with some form of blow-
down resoftening, but it does tend to broaden the problem. Thus,
the various groups are beginning to look at the water problem from
a source-to-sink standpoint including not only cooling water but
other uses.

Getting action solutions to these problems is going to require:
1. Considerable engineering activity to get somewhat better than

vague, conceptual designs and resultant cost estimates. This
is going to require some source of funding.

2. Action on setting discharge criteria to allow some concentra-
tion of engineering and technical effort on at most a few
solutions. The setting of criteria would seem to be a function
of Lenhard's group. '

3. Considerable expenditure of time on interactive study of problems
at the gaseous diffusion sites if consistency of approach is to
be assured.

The amount of time and effort required will be considerably more
than has been consumed to date. It would be well to look at the
structure of the groupings set up to handle these problems and the
executive responsibilities assigned to get the work done. One might
ask whether the failure of the two existing committees to come to

a satisfactory conclusion on the chromate problem implies a failure
of the existing configuration to meet the action requirements of the
seventies. Perhaps assignment of responsibility at each plant to
one division (Operations?) to meet requirements imposed by the AEC
type committee would be desirable. A pollution engineer could be
selected who would have the support from R&D, Works Lab, Legal (?),
and Engineering Divisions and sufficient authority to expedite
development and ratification of proposals, of course, assuming

approval by management.
/} /é/;/;;52141f</622i01////) II
oy '

(" J. H. Pashley C;7

»,

JHP:ga
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3
NUCLEAR DIVISION POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37830
To (N Dat
o (Name) Mr. P. R. Vanstrum - ) e . December 8, 196°
Division
Location 9704~2 - Originating Dept.
Answering Jetter date
Copy to Mr. R. C. Baker v Subject Cooling Water at
Dr. H. A. Bernhardt Gaseous Diffusion Plants

This document has been approved for reieas

Mr. J. M. Case
Mr. G. F. Cooke, GAT T
Mr. S. J. Cromerxr Mr. J. H. Pashley

Mr. J. Dykstra Mr. E. W. Richardson
Dr. J. M. Googin Dr. P. R. Seufzer, GAT
Mr. A. P. Huber Mr. T. Shapiro

Mr. R. G. Jordan . Mr. I. G. Speas

Mr. H. T. Kite Mr. H. E. Trammell

Mr. D. M. Lang Mr. R. A. Winkel

Mr. R. W. Levin Mr. E. J. Witkowski
Mr. J. A. Parsons Mr. W. J. Yaggi

You asked us to handle the AEC's request of September 26*, entitled

"Cooling Water at Gaseous Diffusion Plants," which asked for a study of

the chromate disposal problem in the CIP-CUP and for a report on the .
subject. This memo is to report the plans to handle this matter.

I have discussed the origin of the problem both with Leed and Lenhard.
As you know, Leed is the chairman of the Technical Committee, Hazards
of Process Gases in Diffusion Plants; and Lenhard is the chairman of
the ORO Environmental Pollution Control Task Force. Neither of these
groups—for various reasons——has been told to make the needed study on
this chromate problem, and instead the AEC has written us this separate
request.

I have asked a small group to undertake the specific task of making the
needed study and preparing a report on this problem. In ordsr to
satisfy the AEC's interest in coordinating this study through the
Pollution Control Task Force and to get input from the Hazards group as
well, the committee will send draft copies of the report to members of

* Letter by Mr. S. R. Sapirie to Mr. R. F. Hibbs, "Cooling Water at
Gaseous Diffusion Plants," September 26, 1969.

Prepared by Union Carbide Corporation-Nuclear
Division, operating contractor for the U.S. Department
of Energy under US. Government Contract No.
W-7405-eng-26.




Mr. P. R. Vanstrum -2- December 8, 1969

“

both the Pollution Control Task Force and to the Technical Hazards
Committee for their comments. This should involve and collect the
inputs of both of these groups and produce a useful report. The draft
copy of the report should be in the hands of the reviewing committees

by April 1, comments will be incorporated and the final report published
prior to the AEC July 1 deadline.

I have talked several times to Roy Brown, asked what their plans were,
and invited them to join us. I was recently informed that they have
decided to join us and participate in the preparation of a single
report (Sapirie wrote Reynolds a letter identical to the reguest to

Hibbs asking for chromate study). The study group will be the follow-
ing:

John Pashley, Chairman, K-~25
Ted Shapiro, K-25

Joe Dykstra, K-25

Earl Richardson, Paducah
Harvey Kite, ¥Y-12

Paul Seufzer, GAT

George Cooke, GAT.

Wiy

WIW:rl
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UNION CARBIDE CORPORATION
NUCLEAR DIVISION

P. 0. BOX Y, OAK RIDGE, TENNESSEE 37830

December 1, 1968

United States Atomic Energy Commission
Post Cffice Box E
Osk Ridge, Tennessee 37830

Attention: Mr. S. R. Sapirie, Manager
Oak Ridge Operations

Gentlemen:

Cooling Water at Gaseous Diffusion Plants

Your letter of September 26, 1969, requested that we give further
consideration to the question of chromate releases from gaseous
diffusion plants and consider our most reasonable alternatives in
the event that more stringent requirements are placed on the amount
of chromate which can be released to small surface streams.

In order to make these studies and to prepare the report requested,
] 3 a small group is being assigned to this problem on a part-time
2 ?43 basis. From discussions between Mr. Roy Brown of the Goodyear
: E%P Atomic Corporation and Mr. W. J. Wilcox, Jr., it appears appropriate
< £§ and desirable to work together in preparing this report. Represen-
§ Qéy tatives of the Paducah and ¥-12 plants will also contribute to the
§ “L\l study. It is plannad that a draft of the study report for comments
g wtjg will be made available in late spring of 1970 to members both of
§ & the Oak Ridge Environmental Pollution Control Task Force and to
- Ne nmembers of the Technical Committee,
z. “é: Diffusion Plants. Following incerpc
g: = these two groups c ake,
i(Ngd  radinsemser 58

.:;g = 2 :

=) &

RFH:WJW:rl
‘ cc: U.S.A.E.C. (4 Mr. G. H. Reynolds
Mr. J. M. Case Mr. P. R. Vanstrum
: Mr. S. J. Cromer »HMr. W. J. Wilcox, Jr.
Mr. R. G. Jordan Mr. R. A. Winkel

Prepared by Union Carbide Corporation-Nuclear
Division, operating contractor for the U.S. Department
of Energy under U.S. Government Contract No.

W-7405-eng-26.
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INTERNZL CORRECPONDENCE

NUCLEAR DIVISION POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37830

To (Name) Dr. K. A. Kraus Date . February 27, 1970
Division Oak Ridge National Laboratory :
Location Building 4500-N ~ Originating Dept. Materials Development

Answering leiter date

Copy to Mr. J. C. Barton Subject Chromate and Chromium
Dr. H. A. Bernhardt Analyses in Water Samples
Mr. J. Dykstra
... .Mr. T. Kwasnoski
Mr. J. H. Pashley
Mr. T. Shapiro
Mr. H. E. Trammell
Mr. W. J. Wilcox, Jr.v/
File
‘ Basically two different methods are used for the determination of chromium

in water samples by the Special Analysis Section under the direction of

T. Kwasnoski. The choice of methods depends upon the chromium concentration.
For discussion purposes, three chromium concentrations stated as chromate
may be considered. These are as follows: v

(1) 2abvoe 30 ppm Crot (chromate) ,
(2) 0.2 to 30 ppm CrOg4,
(3) Below 0.5 ppm Croz.

Samples having chromate concentrations above 30 ppm Croz are diluted until
.the concentration is in the 0.2 to 30 ppm range and are then analyzed as

for the second range by a colorimetric method employing a suitable spectro-
photometer. The method determines only chromium in the hexavalent state

and depends upon the formation of a red-colored complex in solution by
reaction with diphenylcarbazide, CO(NpCgH7),. - The procedure employed,
number 2.096.01.02, is attached. The range is O to 30 ppm CrO%j and the
1limit of detection is 0.2 ppm. The precision at the 95% level of confidence
is #10% of the value. '

This document has been approved for release

t blic_hy: -
%%ﬁ&%ﬁjﬁ F Y S 55 . Prepared by Union Carbide Corporation-Nuclear

T P =Y. Lo Division, operating contractor for the U.S. Department
 Osk Ridge K-25 Site ‘ of Energy under U.S. Government Contract No.
. W-7405-eng-26. - '




Dr. K. A. Kraus 2 February 27, 1970 .

If greater sensitivity is needed in.the fractional ppm range an atomic
absorption method is used. This method determines total chromium and
does not distinguish between valence states. Below 0.2 ppm CrOf all
samples are run by this method. The limit of detection without treatment
to obtain an increase in the concentration is 0.05 ppm Cr. A 10:1
concentration by evaporation is practical and lowers the lower limit of
detection to 0.005 ppm Cr (chromium). At a concentration level of

0.10 ppm Cr, the precision at the 95% level of confidence is #0.02 ppm.

Both of these analyses are being run on a routine basis for recirculating
cooling water and for raw makeup water respectively.

E.Q fartn

E{/ J. Barber

— EJB:qgu

Attachment
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A SURSIDIARY OF THE GDODYEAR TIRE &k RUBBER COMPANY
ACTING UNDER U, #, ATOMIC ENERGY GOMMISEION CONTRAET AT—(35-2)—1

TELAPHONE: PIKETON, ONIO AREA CODE 634=200=33 !t TWX: s1e-340-0000 TELEGRAMS 1 wUXwPIKETYON, DHIO
December 2, 1969

GAT-501-69-40
U. S. Atomic Energy Commission
P, 0. Box E
Oak Ridge, Tennessee 37830

Attention: Mr, S. R, Sapirie, Manager
Oak Ridge Operations

Subject: COOLING WA’I‘ER AT GASEOUS DIFPUSION PLANTS
Gentlemen:

In rssponso to your letter of September 26, 1969, requesting a study of chromate
discharge raduction at the gascous d1f£usion sitas we will cooperate to the
fullest extent. The problem of chromate release has been of concern to us and
we have been engaged in several studies in this arca including the recovery of
chromates from the cooling water discharge. More attsntion has been directed
to this approach bacause in additlon to reduction ¢f pollution of the receiving

‘ streams it provides an economic benefit by sllowing reuse of the chromate
recovered.

We have been invited by UCCND through Mr. W. G. Wilecox to joln with them in th
requested study and a joint UCCND-GAT task force has been foxmed to accomplish
the study and Teport its findings. The GAT members of this task force will ba
Mr, G. F. Cooke, Supervisor of Utilities Operatlons, and Dr. P, R. Seufzer, ‘g
Superintendent of the Development Laboratory. Mr, Cooke is aslso the GAT ¥
representative on the ORO Bnvironmental Pollution Control Task Force. &

If there is any further way that we can assist in this problem please let us §

know. .f
You truly, i \
5 5
G. H. Reynolds gi
Gensral Mamnager é 3
a
RWB:jr
c¢: R. V. Anderson, PMA-AEC iy
L. B. Fuller, GAT his dacumant has beon reviawed for
N. H. Hurt, GAT e Nt and has besn dolarined b
R. M. Rutherford, GAT -

C. D. Tebor, GAT ' :
P._R. Vanstrum, Y-12 : ADC gignakwe

‘ /"/J Wilcox, K-25 o=(2~5

Post-it® Fax Note 7671 |Date Jy //gﬁg |,§"ag‘ee> / — Dol
To S hes la 7T 4orptos [From ;(/r 'n rg Thomas '
CosDept. Co. TOTAL P.@R2

fhone K /4/5.) B4 -F5g £ |Phone # f(G/V) §97-57%/
Foxd 2/ 615 [ 56~ T/ 8 (€/9)977-573¢




™ UNION INTERNAL CORRESPONDENCE

CARBIDE

per O D 5()
NUCLEAR DIVISION {v: 2 ol 2 POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37830
To (Name) Mr. P. R. Vanstrum Date November 26, 1969
Division
Location 9704~2 Originating Dept.
Answering letter date
Copy to Subject Cooling Water at

Gageous Diffusion Plants

You asked me to handle the AEC's request of September 26, entitled
"Cooling Water at Gaseous Diffusion Plants," which asked that we study
the chromate disposal proposal in the CIP-CUP and write a report on the
subject. This memo is to report on plans to handle this matter.

I have discussed the origin of the problem both with Russ -and Lenhard.

As you know, Russ is the chairman of the Technical Committee, Hazards of
. Process Gases in Diffusion Plants, and Lenhard is the chairman of an

ORO Pollution Control Task Force. Neither of these groups has been

effective in mounting the needed study on this chromate problem for

various reasons, and therefore they have written us this separate request.

3 . i - . i | - i
‘\Ih:w b A 7oy “é*gn\gﬁ gro@p%undertake the specific task of prepar-
ing a study and report on this problem. In oxder to satisfy the AEC's
interest in coordinating this studywthrough the Pollution Control Task
Force, Isprapogrcthgy the committee,send draft copies of the report to
pembers of both the Pollution Control Task Force and to the Pechnical
Hazards Committee for their comments. This should involve and collect
the inputs of both of these groups and produce a useful report by their
July deadline. '

I have talked several times to Roy Brown and asked what their plans were
and invited them to join us. I was informed November 25 that they have
finally decided to join us and participate in the preparation of a single
report (Sapirie wrote Reynolds a letter identical to the request to Hibbs
asking for chromate study). The study group will be as folleows:

John Pashley, Chairman, K-2 Harvey Kite, ¥Y-12
Ted Shapiro, K-25 : Paul Seufzer, GAT
Joe Dykstra, K-25 George Cooke, GAT

Earl Richardson, Paducah

Prepared by Union Carbide Corporation-Nuclear
Division, operating contractor for the U.S. Department
of Energy under U.S. Government Contract No.
W-7405-eng-26.




Mr. P. R. Vanstrum -2 November 26, 1969

Ih ARC informing them of our overall
/’_plan and agreement with Goodyear which you may wish to transmit if

you feel appropriate. Roy Brown says that Bud Peynolds is writing

Sapirie telling him that they are participating. :

i

v

3 . Wilcox, Jr.

L WIW:xl

\_ Attachment (Draft)
\'\
.

\

\ '
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* UNION INTERNAL CORRESPONDENCE
CARBIDE
NUCLEAR DIVISION POST OFFICE BOX P, OAK RIDGE, TENNESSEE 37830
To (Name) Mr. W. J. Wilcox, Jr. Date October 1, 1969
Division

Location

Copy to

Thxs document has been approved for reiease
public by:

nieal Info

P aade

FEEE
.

Originating Dept.
Answering letter date

. Case Subject
. Jordan

. Vanstrum

. Winkel

REA

In reading the letter of September 26,from the AEC to Mr. Hibbs regarding
cooling water at the gaseous diffusion plants, I thought .the following'
information which was transmitted verbally to Mr. Hibbs several weeks ago
on the question of chromate contamination might be useful.

A committee was set up some time ago to study pollution control problems in
a number of AEC Production Division facilities. This committee consists of:

R. C. Baker - Paducah

J. Dykstra - K-25

I. G. Speas - Y-12 .

D. B. Jones - Goodyear

E. J. Witkowski - ORNL

J. B. Stevenson - National Lead

J. E. Lenhard - ORO, Research & Development -
E. F. Newman - ORO, Engineering

George Rennick - ORO, Production

The following information was obtained from a discussion with Jack McLendon
concerning the situation at the Y-12 Plant. Y-12 effluent is discharged-inte
a ‘ldgoon mear the East end of the plant. This is sampled at routine intervals
and is composited on a monthly basis. The lagoon overflows..into Poplar Creek.
Hexavalent chromate content is from .12 to .25 averages about- .18 ppm in the
lagoeon effluent.

According to Joe Dykstra, at the present time about 700,000 gallons of water
per day blowdown from the cooling towers.contains approximately 20 ppm. This
is discharged through the barrier plant, where.it is used for cooling purposes,
into a holding pond. I believe-that the discharge from the holding pond to
Poplar Creek contains about.-2.ppm of chromate. The Tennessee Health Department
permits stream sampling and the dlscharge from Poplar Creek to the Clinch River

Prepared by Union Carbide Corporation-Nuclear

éﬁ/j/ /01 9 /Zf" Division, operating contractor for the U.S. Department
O icer

of Energy under U.S. Government Contract No.
s W-7405-eng-26.




Mr. W. J. Wilcox, Jr. -2-. QOctober 1, 1969

runs well under .05 ppm. As you know, Poplar Creek is not used as a source
of potable water and carries, in addition to a great deal of surface runoff .
from the city of Oak Ridge, the effluent from the city's sewage disposal
plant. We understand that the Tennessee Health Department is satisfied with
the present operation.

Studies on power uprating indicate that coollng tower'blowdbwn'mightﬂbe
increased to as much as 4,000,000 gallons .per day. $300,000 has therefore
been included in our Long Range. Plan (FY- ~72 General Plant Projects) for
equipment to precipitate this chromium.

Si Bernstein has furnished this information regarding chromate discharge at -
Paducah. Cooling tower blowdown containing 20 ppm chromate is discharged’
into a surface stream which flows. over government-owned lands to the Ohio
River. TVA also discharges waste into this stream. The chromate.content

just before being diluted by the TVA stream runs about 2 ppm; after dilution
it enters the Ohio River at 1 ppm chromate. It is believed that because of
the very large dilution factor in the Ohio River that this discharge creates
no health problem. We understand that Ohio has been appraised of this problem
and has not yet reached a decision as to whether any corrective action.is -
indicated. At the present time Paducah is experimenting with an ion exchange
system for recovering chromate from cooling tower blowdown. $345,000 has -
been included in the FY-73 Long Range Plan for chromate recovery

’/7‘ ‘
2
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h] ANTERNAL conaespomc’lemce

3

" POST OFFICE BOX. P, QAK RIDGE, TENNESSHE 37830,
o ) - G I S

‘NUCLEA}( DIVISION

T Neme)  DT. I M. Googin w/attachment “ ome . May 19, 1969 i
" Diviston S c ' — ; W

 tgaton Y¥-12 Bldg. 9202 ' e H?'f;?i»mmnméo#n General Engineerinsf'f
S Mr. C. C. Fowlkes  w/attachment . . : :
L Mru Ru Bo Webb " o

Answering lottor date

0. Mr. B.F. Crump ¢« "o - N R
" coprte = Mr, J. Dykstra ™ . nooT o Csebjea  Cascade Uprating Program RN Lt
© . Mr.D. B, Janney "o Process Cooling Water Systems . i ol
L " 'Mr. R. L. Newton (3) ' ‘4';;7;-‘ L ESO M-35446-03 _ o - .
o Mr. J. A. Parsons . 0o S ST R B IO
., - Mr. T. Shapiro : " o R EITAEN P
,[ " Mr. R. J. Thomas " S R ' S SR
'\, ESO File M-3546-03 RC " . - o - T % ‘
NULEINRAE BZimmerman Files (3) w/l a,t‘ba,chment ) < co R S
e ’ ! . o ;'.¥ [ . .
© .1 With reference to recent discussion with Mr. B, F, Crump of our Cbhemical. | |
. I Engineering Section, the following information is presented for your

- | . consideration.

.1t .appears that the three plents which make up the diffusion complex will .
~ be faced with a pollution problem as to the rejection of cooling tower blow
 down containing approximately 20 ppm Cr0)~to surface waters. At the production
“level or power level anticipated at the end of the Cascade Uprating Program,

. - each plant will be discharging approximately It,000,000 gallons yer day of

;fiihlj E cooling tower blowdoun.
;,' | Z " of the several. solutions to the problem, it appears that recovery of the ! 1_
L | chromate via seni.continuous ion exchange is attractive after. a very cursory
R investigation. ' : v o ' ' S C
|, The chemistry and static bed experience of the people at the Paducah Gaseous
< Diffusion Plant is presented in Report KY-5h8. _
N e - ' o e
S0 We have contacted the Chemical Separations Corporation for a preliminery design| .’
DR LT IV using their apparatus. Enclosed is a description of what they propose from & |.
o preliminary enalysis. We would appreciate your comuents and consultation es _;;
Tepde 1 discussed over the phone on Fridey May 16, 1969. : - ik

N ' Our Utilities Department personnel, Mr. B. R. Webb and Mr. C. C. Fowlkes are -

o interested in trying out a prototype unit if you think the system is applicable
TS R DU to our. problem. We are sure that they would want to get together with you on
. iy discussing the operating problems end costs for semi-continuous ion exchenge in;

Ry ‘ ‘general and this process in particular. . Ce L : . -
L o v ' ’—éf e g L ;Préparéd' by Union; Carbide. - COQQfatian iclear|
ERRE LU /7 2l () * Division, operating contractar for the U.S. Depgrtment| -
s echnical . of Energy  under U.S. .Government. Contr. q_:{\ No.j +-

i  W.A05emg26. Lo
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NE The system is based upon & patented process developed by the Nalco Chemicaﬁ?

~ Company ‘in which the cooling tower blowdown is acidified from about pH = 6{5
“to 4.5 with sulfuric acid. The chromate is exchanged for the chloride ion

" jn the loading section and the stripped acidified blowdown goes to a

regenerant is evidently used to convert from an acid system to slightly basic
in order for the following to occur: - ' ‘

Some conversion of the'Crou= to Cié07= eVidently also_takeé place.

come to mind are:

would result from optimizing the system for the gemi-continuous machine?

.2, What should we use for operator and maintenance requirements for a large
continuous system in order to do an economic comparison? o

make-up, life, capacity variation with time, etc.?

S L. What effects will other chemicals present in the blowdown have on the
| resin? In particular, we are concerned with the ~ 0.75 ppm free chlorine,
~20 to 30 ppm suspended solids and the -~ 600 ppm S°h= present.

© 1 then ve will probably obtain one from Chemical Separations on & rental basis.

1 veffect that if ORGDP was to buy and operate a 1 MGD (our present blowdown)

‘ However, we do not think we would want to commit in the order of $1.00,000 of
.| . capital money at this time without some experience with a smaller unit.

S " If the use of semi-continuous ion exchange does prove to be the best solution

. . . . problem, then we would have to consider it operating as a gide stream calcium
~ (or hardness) removal unit =~ to eliminate blowdown entirely. , .

T'Your_comments pertaining to these items will be appreciated.

\
t N
0l

i

o BRI PR L R TRl Zianerman !
L S et eyt General Ergineering Department |
w0 i BLiBFCimes S e . o - S 3

: o L P ' .
L] . . g

There has been some discussion with voth Nalco and-Chemical Separations to the

. ‘demonstration plant the $10.50 royalty per year per GPM wouvld be relinguished.

t

‘ F‘ SRR I L S P SR : {f«'r-'m/m'z«fMMdag- R
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(Ve d M, Coogin . . =2- . May 19, 1969 .

3. What is the anticipated resin usage characteristics of the machine, attritidn,'f

neutralization system before discharge to surface waters. The sodium hydrdxide_%

R, - Cr0, + 2 ¢1” = 2R-Cl +'Cr01'*= S the regeneration éectioq.“

: The concentrated Ne,.Cr, 0. and Na,Cr0) solution is recovered and sent back to the
: ?‘A, cooling tower systeii for recovery of its chromate va;ue. The questions which have

‘:j: . 1. The process design values such as NaCl, NaOH ratio and requirements, pH required
' resin iype, etc., are based on Nalco's batch process experience. What changes '

e
!

0

B

? . We hope to £ind a small unit available in the AEC complex. If no unit is availéble,

thi
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b
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' '.Reéirculéting::'f ~ Control Limits - l
Loop ¥ S on Recirculating Loop |-

‘ b“ L : ] " 7.0 ~. o 6.6‘ RN - e | i .
.| M Alkalinity (as CaC03) 9 RSN R S
'19 .~ Total Hardness .56 J}“.f;',;;}; B 368 ?.fg:i'f :,7' L N
o caletem 28 e
' M-Phiosphate (PO4) © 0.5 _ 0. "7‘1,.5..' 2.0
] O-Phosphate (POg4) SR - R 0.9 i : : _ i'_
Iron (Fe) e T S 0,02 R R
SRy ~ Copper (Cu) | '.fﬁJQT.Neg. f? | :)f [‘1{' f Neg. e B
o | sulphate (soy . v .36 . . o34

: . Turbidity (as S102) ., & . 8. oo
,‘Xi;} . Suspended Solids j}'fe Neg., "{ f:;;,'  5 v;rfwf" - o L R
ft;;) . Dissolved Solids ‘;"- 80 . H*"; f'vf . 720 filixfjf€ o '_‘{ f';-jfgi
‘ Chromate (Crog) - 36 . . T 16,0 . . 20 =22 L
Zinc (Za) o ews s L 2.3 e
Chlorides (C1) . 6 i oI oTealoo o b

§ ot MUY
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., %i{Based un trying co maintain 9 - 10 concentrations, . . .. S e | 1
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'1 . .- EXMIBITYV

b ‘-‘f' (Based on Treating 1,000,000 gpd)
{"ﬂ Reaction Tank

i Mixer

Fgrrbus Sulfate Feed System
;Lime_Feading System

" . Flow Meter : ".' ,;?;:7A
pH Contvoller . ~ . =~ IR S

PR B : Installatich' ‘

mattetg

- Alterations to Lagoon <

" Contingency |

e ey

“;Ferrdus Sulfate Treatment System ,j

811,500,

5,000

4,000
5,000

1,000
2,500

5,000

L Ba000

20,900
~ $70,000

. 20,000
" $60,000
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3 L;f .Mixer

‘;ﬁ’ 7 Installation

EXHIBIT V-A

.2
s

T e

";-'NeutralizatioarTank

.  Sul fur Dioxide Feed System
- Sulfuric Acid Feed System
. Lime Feed System

.;;‘leH Controllers -
' 1 0RP Controller ..’

N

" 'Building S ‘* ‘75ff7f’_jﬂ  R

£

l-lAlterations to Légoon'

contihgency
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“Union Carbide Corporation

UNITED STATES
ATOMIC ENERGY COMMISS —

OAK RIDGE OPERATIONS Approved for Release to the Public
P.O. BOX E by:

OAKARKDG%jHENQSS%%%SﬂBO
uly 20,
im0 Va1l
Timothy W. Joseph, PE.D.  Daté
DOE Health Study Agreement COR

Nuclear Division
Post Office Box P
O0ak Ridge, Tennessee

Attention: Mr. J. H. Pashley
CQOLING WATER DISCHARGE STREAMS AT GASEOUS DIFFUSION PLANTS AND Y-12

Gentlemen:

Reference is made to your multiple addressed letter dated June 16, 1970,
requesting comments on the preliminary draft of the subject report.

The draft has been reviewed by representatives of the ORO Engineering,
Production, and Safety Divisions as well as the Area Offices at Paducan
and Portsmouth. Your committee has done an excellent job of surveying
and documenting the problem and the draft appears acceptable in its
present form as a status report with no major revisions required.

The draft correctly notes several areas that were deemed by the committee
to be outside their purview but which have a significant bearing on the
design of adequate chromium pollution abatement facilities. It is planned
that ORO will resolve these questions and arrange for a meeting with you
and your committee probably in tae fall in order to provide sufficiently
clear guidelines to enable your committee to develop a briéf and specific
final report which wiil hopefully include suggestions and alternatives for
chromium pollution abatement at each of the four sites. These, in turn,
could be used by the OR pollution control task force to recommend what,

if any, corrective action is desirable at each installation based upon
environmental consideration and standards.

ile will be happy to work with you further in this matter.
Sincerely,

u;:xﬁ 173 J,fm /ﬂxﬂﬁé

oseph A. -Lenhard, Director
Safety Division

OSH:JFl O0ak Ridge Operations
cc: R. V. Anderson, PORT _
B. N. Stiller, PAD This document has Dean reviawed for
R. C. Armstrong, AMO, OR , classification and has been Gelermined to
C. A. Keller, Prod., OR be UNCLASSIBIED.  /
L. H. Jdackson, Engr., OR ~ ,
E. F. Newman, Engr., OR ADC Signature
G. Rennich, Prod., OR 1 (G —15
Date




cy: P. R. Vanstrum - 3, w. enc
H. G. Macftherson

_ UNITED STATES
ATOMIC ENERGY COMMISSION  pRy: Please handle.

OAK RIDGE OPERATIONS RFH 9/29/69

P.O. BOX E AREA CODE 615

OAK RIDGE, TENNESSEE 37830 TELEPHONE 483-8611
. Case

. Cromer
. Jordan
. Wilcox w/enclosure
. Winkel

Union Carbide Corporation W. J. Wilcox - Please

Nuclear Division handle. We need to

Post Office Box Y consider the Y-12

Oak Ridge, Tennessee situation at the same
time. PRV 9/30/69

September 26, 1969

PUS\{?UU:L‘
= SR o R PR 4

Attention: Mr. Roger F. Hibbs, President
~ COOLING WATER AT GASEOUS DIFFUSION PLANTS
Gentlemen:

The question of chromate releases from gaseous diffusion plants has
arisen quite frequently in the recent past during discussions with
‘ AEC Headquarters personnel concerning the cascade improvement and
uprating programs, new plant additions for existing sites, and in
consideration of Oak Ridge proposals for chromate removal.

Study of chromate discharges by members of our Oak Ridge Pollution
Control Task Force has indicated that the matter deserves continuing
attention. For your information, we have enclosed a copy of a brief
report generated by our staff questioning the applicability of these
current chromate limits, which are increasingly being applied to small
surface streams. Copies of this report have been forwarded to our
AEC Headquarters, soliciting their assistance in avoiding any unjusti-
fied requirements for effluent cleanup.

Pending the outcome of this effort, the increasingly widespread appli-
cation of these chromate release 1imits to surface streams warrants
further consideration of the situation at our gaseous diffusion plants.
Specifically, we should consider our most reasonable alternatives
should a 1imit of 0.05 PPM for chromates be placed on our first
receiving stream. In previous discussions on this matter, it has

been questioned whether chromates are the only reasonable corrosion
inhibitor for use in gaseous diffusion plants and this might well be
resolved. In general, it would be desirable to consider the situation
existing when the plants are operating up to 9,200 Mw. Preliminary '
economic studies on this problem may also be desirable.

. This gocument has Leen fevidwed for
‘ Approved for Release to the Public classification ang has been cotormined to
v by: be UNCLASSIFIE] Vs

. C:Zé2<45

7 \ ADC Signatue

e A Sy o .
RS o TimOthy W. Joseph, Ph.D. = Date lo—( ?jg
FFEE S DOE Health Study Agreement COR - ’




Union Carbide Corporation -2 - September 26, 1969

We plan that coordination of this study be carried out through our
Environmental Pollution Control Task Force. However, since in-plant
requirements on cooling water characteristics fall somewhat outside
pollution control considerations, it is desirable that members of
your technical development groups assist with the problem.

Your cooperation is requested in Tending support to this effort as
necessary to develop a summary report by July 1970.

Sincerely,

> R. Sapirie
Manager
0S:JAL Oak Ridge Operations

Enclosure:
Report

cc w/encl:
R. V. Anderson
B. N. Stiller

Cc w/o encl:

. Armstrong ‘

Hill »
Jackson

Keller

Roth

Lenhard

Cc
R
C.
L.
C
H
J
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INTRODUCTION AND SUMMARY

Chromate compounds are used quite extensively in various water
treatment processes and, as a result, are often found in discharges
of cooling waters from industrial facilities. As with many other
metallic compounds, high concentration of chromates in liquid dis-
charges present a hazard to aquat1c life or to humans subsequently
using these waters.

Many current standards and regulations quote a Timit of 0.05 mg/1
for chromates in drinking water. This Timit is increasingly being
applied to all parts of surface streams, and limits of 1.0 mg/1 are
being applied to discharges from facilities. ilhile technology is
available to reduce chromate concentration in liquid effluents,

such processes have high initial cost.and fairly high routine
operating cost, particularly where large volumes of liquid effluents
are involved and extremely low release 1imits must be met.

In attempting to justify the potential expenditure of sizable quantities
of money for chromate removal at ORO facilities, a cursory study was
made to ascertain the basis for and background of the 0.05 mg/1 Timit.

It was determined that current uses of the 0.05 mg/1 limit for chromates
are based upon extrapolations and, in some. cases, misinterpretation of a
small amount of questionable research data developed many years ago.
Also, the few data relate to possible toxicity to a species of water
flea and the 0.05 mg/1 1imit does not seem related to human toxicity.
Further, the original references point out uncertainties in the data

and warn against their adoption as limits. This report suggests that
the 0.05 mg/1 limit for chromates be questioned by responsible agencies,
that appropriate research be sponsored. for the establishment of more
reliable 1limits for chromates, and that operating facilities not be
pressed to make drastic process modifications pending the outcome of
these studies.




DISCUSSION

Probable Origin of Current Limit

In the U. S. Public Health Service 1946 Drinking later Standards, the
Timit of 0.05 mg/1 for hexavalent chromium (Cr6) was based on the 1
lowest amount analytically determinable at the time it was established.
lhen this document was revised by the PHS in 1962 the chromium 1imit
was continued since “a concentration of 0.05 mg/1 is sufficiently low
to cause no effect on health.®2 In addition, the PHS report states

"At present, the level of chromate jon that can be tolerated by man for
a 1ifetime without adverse effects on health is unknown." This 1962
publication references a report by the Ohio River Valley later Sani-
tation Commission (ORSANCO) which indicated the chromate concentration
toxic to Daphnia magna is 0.05 mg/1.

Since 1962 various states have used this figure as a guide in admitting
chromium to surface streams especially where the use category is for a
public water supply or aquatic 1ife. A detailed review of the ORSANCO
‘ report3 indicates that only five of the seventeen articles referenced
dealt with the toxicity of chromium to Daphnia magna. Although the PHS
lists 0.05 mg/1, the ORSANCO report lists the levels of toxicity to

Daphnia magna as ranging from 0.06 mg/1 Cr03 to 0.29 mg/1 for NagCr04.4
The following is a review and brief appraisal of the five articles:

Ref. 483 - Private correspondence from Dr. W. H. Engels of
Mercke & Co., Inc. This reference has not been
located after considerable effort.

Ref. 45 - Grushko, Ya M. (1949). ORSANCO may have misused
this article. Grushko makes no mention of the con-
centration or the 1imit of Cr for the survival of
Daphnia. uWhat he does state is that infusoria
species were killed by a concentration of .05 mg/1
in 7 days,° but he fails to mention which compound
of Cr was used, how the experiments were carried
out, or how many organisms were tested. The ref-
erence appears to be very general in nature and,
as Grushko states, was written with the "objective
of developing a multiple-basis method for health
standards of permissible concentrations of toxic
substances in water reservoirs,...."6

® 2




Ref. 30 - Anderson, B. G. (1944). This report concerns
the experiments carried out by Anderson in
which Daphnia was used as the test animal. He
tested the toxicity of various substances in
different concentrations, using Lake Erie water
and an exposure time of 16 hours. Ten Daphnia
were tested in each concentration, and the ex-
periment was repeated three times. The immobili-
zation of the Daphnia was used as the end point
in determining toxicity thresholds.

Result:

Cr03 £ 0.6 ppm toxic threshold’

KoCr,0; << 0.6 ppm

& signifies value may be as
low as 1/10 that given

Ref. 28 - Anderson, B. G. (1946). In 1946, Anderson re-

‘ ' peated his experiment with Daphnia. Sixteen-
hour exposure periods (1944) were found inadequate,
for one-half of the animals had not reached the
molting stage within 16 hours, and molting is
considered a critical phase in the life of daphnids.
Therefore, the time of exposure was increased to
48 hours. The experimental procedure was the
same as that used in 1944.

Result:

NaoCr0s4 4 0.32 ppm toxic threshold®

NagCro07 <€ 0.31 ppm

‘:signifies concentration might
be about 9/10 that value given

& signifies concentration might be
as low as 1/2 the value given or
less




~ Ref. 212 - Anderson, B. G. (1950). Anderson's experiments
of the toxicity to Daphnia this time dealt only
with the chlorides of various metals. His ex-
perimental procedure was identical to that
empioyed before (1944, 1946) with one obvious
exception: he now lengthened the exposure time
to 64 hours. In the case of CrCl3, Anderson
noted that a grey precipitate was formed between

..the concentrations of .0003M and .0000027¥, and

that this may have played a part in immobilizing
the daphnids through mechanical means.

Result:

CrClg £ 3.6 ppm (.000023M) toxic
threshold

{ < signifies concentration might be
considerably lower than the value
given

9

‘ There are several 1mportant points to be made about these latter
three articles:

1. A1l of Anderson's experiments on Daphnia were carried out
prior to 1948.

2. In none of Anderson's experiments did the concentration-immo-
bilization time curves for the chromium compounds ever reach
their vertical asymptotes in the time allotted.

3. The values Anderson gives are not true threshold concentra-
tions, but approximations based on extrapolation of the
curves.

4. In the 1950 report, Anderson specifically states that "it is
not my intention that the thresholds presented here should be
set up as standards for adm1tt1ng metal compounds into natural
waters."10

5. The last two of Anderson's articles contain the remarks that
"our present knowledge of the tolerances of aquatic animals
to substances found in industrial wastes is fragmentary at
best,"11 and that “further research would be necessary to
establish safe levels at which substances may be admitted to
‘ streams and lakes."12




Thus, review of the ORSANCO references indicates .they are all somewhat
inconclusive. ORSANCO's own recommendation was that further data is
needed on chromium; however, a negative response was received to an
informal inquiry asking if any additional work on chromium had been
done since the 1950 report.

Current Use

Since 1962 various states have used 0.05 mg/1 as a guide in admitting
chromium to surface streams especially where the use category is for

a public water supply or aquatic life. One of the most comprehensive
state publications devoted exc]u?éve]y to water quality criteria was
published by California in 1963. The California committee considered
four different water use categories, and proposed different criteria
for the quality of water in each category. The four categories of

water involved were as follows:

a. Domestic water supply 0.05 mg/1 (Cr‘3 or Cr6)
b. Stock and wildlife watering 5.0 mg/1

c. Fish 1.0 mg/1

d. Other aquatic life 0.05 mg/1

The committee felt that the concentrations given above would not inter-
fere with the specified beneficial use of the water. The California
committee also quoted ORSANCO on the toxicity of Cr to Daphnia; however,
the figures are not jn agreement: 0.016 ppm NayCro07 given by the
Califorpia committeel4 as opposed to the 0.31 ppm given in the ORSANCO
lr'epor‘t.]5 Other concentrations cited by the California committee as
being toxic to Daphnia magna_range from .05 ppm (misquote: Grushko 1949)
to 0.7 ppm (Bringmann 7959).10 The lower figures are the result of ex-
perimentation done prior to 1950, while more recent experimentation has
yielded toxicity levels 10 to 14 times the present standard.

The National Technical Advisory Committee (NTAC) to the Secretarv of the
Interior proposed a method for establishing water quality criteria

similar to that of California. The NTAC recommended specific water quality
characteristics to serve five purposes: (1) recreation and esthetics;

(2) public water supply; (3) fish, other aquatic 1ife, and wildlife;

(4) agricultural uses; and (5) industrial water supply.

In reviewing the affect of the heavy metals on fresh water organisms, the
NTAC talks briefly about Crb. The Committee references a number of ex-
periments dealing with various types of fish and algae, and oddly enough

-5~




picks up the California figures (0.016 p?g = 0.7 ppm) for the toxicity
of hexavalent chromium to Daphnia magna. As the Federa] Water Polly-
tion Control Administration notes, one of the problems relating to

water quality criteria which require GVery surface stream in the Scioto

River Basin (with m1 or exceptions) to meet the criteria for all uses
by January 1, 1972. . When the use category is for a public water

substances is "not to exceed one-tenth of the 48-hour median tolerance
limit, except that other Timiting concentrations may be used in specific
cases when justified on the basis of available evidence and approved by
the appropriate regulatory agency."

effort to determine the one-tenth median tolerance 1imit (TL_) for
hexavalent chromium, fluorides, nitrates, etc. The Ohio representative
stated they had no such list and coyld recall only the TLm for cyanide
of 0.02 mg/1 (which happens to be one-tenth the PHS drinking water
Timit). As for hexavalent chromium (Crd) the Ohio representative stated
the TL, would be about the same as or perhaps a little less than the PHS
drinking water Tevel of 0.05 mg/1. He added that “since the technology
is available for removal of almost all the hexavalent chromigmg why not

ATthough Tennessee has not yet formally adopted applicable criteria for
intrastate streams, it was lgarned their representatives are tentatively'
considering adoption of a Cr Timit of 1.0 mg/1 in the effluent pipeline
and 0.05 mg/1 in the receiving stream.

Conclusions and Recommendations

It appears that the figure of .05 mg/1 was intended solely as a standard
for public drinking water supplies, and, as such, the figure should not be
abritrarily applied as a criterion for alj surface water. Besides noting

-6-




that the present concentration of chromates occuEBing naturally in
surface water is in the range of 0.0 - 2.3 mg/1¢¥ no specific recom-
mendation is made by the Public Health.Service for water other than
that used for drinking purposes.

It is recommended that:

1. the 0.05 mg/1 Timit for Cr6 in surface streams: be questioned
by responsible agencies,

2. appropriate research be initiated which would provide an
adequate and scientific basis for determining the permissible
levels of Cr6 in surface streams,

3. operating facilities not be pressed to make drastic process
modifications pending the outcome of these studies. This
recognizes the fact that the Bureau. of the Budget Circular A-81
in AEC Appendix 0510 requires Federal agencies to develop a
phased and orderly plan to achieve comp11ance with Executive

. Order 11288 by July 1, 1972.
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" INTRODUCTION s

a

i .
i i

Ever tightening State and regula};oi‘y b‘ody, restrictions have resulted
[ ’ / ' : ! ’

e "
-
I8

in the placing of s‘tfinge_'nt. limits on the concentration of toxic compounds Which - .

P ’, :
i

P TR i

may be'discharged to water courses and waste treatment plants. Among the |

toxic materials whic—h are receiving particular attention is chromium in both
. the hexavalent and trivalent forms. Since chromate is a fundamental and impor-
, ;i tant constituent of many effective cooling tower corrosion inhibitor programs, it’
1 : . T
[

P _'is especially important that, where required, the customer be appraised of the

"+ 'means of removing chromate from his cooling tower blowdown to render the '

resulting waste stream acceptable to receiving bodies. This discussion will :"
i . . . . ‘ ) .
C\) ‘deal with.the several means of reducing and eliminating chromate from cooling ’

'tower blowdown,‘ one of which might be impleménted by the user in the event

that he is forced to remove chrome from his cooling tower waste stream. '

In general, the chemical removal of chromate from cooling tower

‘ :discharge-can be divided into two steps: : o
| e — repnsnemanenr SRR N
: 1) Reduction of chromate to trivalent chromium. '
C - 2) Precipitation of trivalent chromium as chromium
I ] - . : :

| o o hydroxide and its separation from the blowdown

. ' ' . " ) .
i _ : 3 stream., ) :
. F i . N [% . J—

L _ The reduction of hexavalent to trivalent chromium reduces the
' toxicity by a factor of 1001. however, more and more State Health Departments o

o )
~ L

]

|

1 : . | '
‘Reduction of Toxic Chromium Wastes with Sulfur Dioxide = - ! _

'Chlorination Topics'!, Vol, 5, No. 4, April 1952. . o

o




. are demandmg practlcally complete removal of chrommm to .05 ppm1 which .

- l

a
"i

e ot
.
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’ . . "i

described below will encompass the complete remova.l of chromxum from coolmg

-

' tower blowdown streams.

l
. M . A . : ’ . . !
' CHEMISTRY OF CHROMATE REMOVAL‘ , o ' o L l .

4‘

The most prevalent methods of removmg chromate from aqueous

' streams employ the chemical reductmn of hexavalent form to trxva.lent chrommm

followed by neutrahzatmn a.nd prec1p1tat1on of chromlum hydroxide and its subse-

quen.t removal

The reductmn of chromate to trwalent chromium is a.ccomphshed

read1ly at reduced pH. At hxgher pH the rate of reaction is drastxca.lly reduced ;

' . and becomes 1mpract1cably slow much above a pH of 4.5 - 5 0. In most cases, .
: 1
i the optimum pH will be controlled in the range of 2,0 -~ 3, 0

A vanety of reducmg agents are employed for the reductxon of P

chromate., .Most common, however, are the following: _ A ,
' | ' o Coes

. R
1. Sulfur Dioxide 43
; 2. Sodium Bisulfite 3 Fe Cr AT
‘ ' . 3, Sodium Sulfite :
- 4, Sodium Metabisulf:’te/
5, Ferrous Sulfate :
6. Hyurogen Sulfide (limited use as by-product waste

Of these , sulfur dioxide, ferrous sulfate, and sodium metablsulflte

are used most prevaiently., Typical reactions are illustrated below along with

theoretical stoichiometric quantities required. It should be rezlized that in actual

i . s
| B : . iE
i

c- . R

ol

" ly,s. Public Health Service Drinking Water Standards.

A, - ; ]

- necess1tates the remova.l of tnvalent chromxum as well Therefore, the methods I

i
1.
l
i

?.
|




side effects,
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3 practice mgmhcant excesses of these chemmals over the theoretxcal requu‘el

i
3
VR

r” o

- When sulfur dioxide is employed as a reducing agent, the dissolved

nents

' '-‘~a.re invanably necessary to accelerate the rate of reactmn and overcome adv‘erse

~oxygen content of the water bemg treated reacts w1th it and will be consumed forming

. sulfa.te. The consumptmn of sulfur dioxide by dissolved oxygen in the water being

' treated will be a significant portion of the sulfur dioxide required for the reduction )

_of the chromate.

R o -G
i o B 1. ‘ZF:rO_e,
y R T
| 2, »4Cr>0_3.
| 3 2CrO0y -
By

. insure rapid reaction rates.

4,  4CrO;.

1o

096# '

. 43 -
+ 350, -~ Crz,(so.‘); -

- 16 . : ,.3
~¢ o+ 3et —= Qv

1. 96#

+ 6NaHSO3 + 3HZSO4" 3NazSO4 + 2C1’z(504)3 + 6H30

1. 564
+ - 3Na,SO,

1. 89#

‘

1. 43#

8, 34#

. rate and minimum quantities of reducing agent,

0, 74#

+ .3H,SO4 = 3Na, SO, + Cr;(S04); + 3HO

1.47#

|

+ 3NaS;05 + 3H;SO, = 3NaSO, + 2Cry(SO,); + 3HO

0. 74#

5'. | : l-’-Cl’Os + 6FeSO4 ¢ 7H30 + 6H2504 -> 3Fez(SO4)3 + Crz(SO4)3+48Hzo_

I
' i
l

2 R | All of the above reactions are ‘carried out on the acid side, some

necess1tat1ng the addition of an ac1d such as sulfuric to insure a rapid reaction ‘ :

Jﬁr |

All of the procedures convert

1
1;'
I
IR

In addition, excesses of sulfur dioxide are xiormally applied to. ?
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"% hexavalent chromate to trivalent chromium and must therefore be £ollowed by F

+
i

| supplementary'step to remove trivalent chromiium from solution. Most comm;:mly. :
4 . . . .

_ this is accomplished by elevating the pH of the waste stream to 8.0 - 9.0, thus

v' e produc* ng the precipitate chromic hydroxide. L’ime is most often utilized for this ;| -
i o

purpose because of its availability and low pr1ce, however, sodium hydroxide ?or

S }t any other- avallable alkali may be preferred in smaller. mstallatxons because of
' 2 ! : . . . }
RS v
L the greater ease of handhng or 1mmed1ate avaxlabxhty The preczpltatlon -

reactxon' is 111ustrated below:

‘ + .3Ca(OH),~»2Cx (OH),

+ 3Ca,SO4' .gﬂmmmmﬂ .

Cra(S04);

(i.114 Ca(OH), / #CrOy)

. Adequate time must be provided for the settling' of the chromic

hydroxlde precipitate and its subsequent removal from solutmn This hydroxide'

15 relatively slow in settling and therefore, if it is to be separated from the waste

[ .

" 'liquid stream by gra.wty,

o

a settler with about 2 hours residence time is normalbL_

required.

i
h

Table I summarlzes the stoxchlometnc chemical requxrements and :

*r -

' the estimated costs for the destruction of chromate and precipitation of trlvalent

chrormum by the several methods described above.
e | Agam, it should be stressed that the presence of alkalinity, dxssolved
oxygen and several other constxtuents may result in the use of considerably more |
- acid and reducing agent to effect the Te

| fmstric eauiv: u_l.va.l.eet%n«%blﬁﬂ}n S | '

ducti on than that 1nd1cated by the StOIChlo-
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"l ) . .

It is 'apparent from the comparison of déstrucf:ioﬁ costs of the 4ev¢ra1 N

' . ‘alternatives that with the exception of ferrous sulfate they are all roughly com- -

4

' parable; . Ferrous sulfate is one of the early chemicals used and is still applicable

today for smaller systems or where improved settling rates are especially desirable.

The ferric ion formed in the destruction reaction precipitates in the alkaline solution

M '

: forming ferric hydroxide which serves as a coagulant to assist in bringing down the

slow settling chromic hydroxide. Fenerally, Terrous sulfate would be supplemented

{by one of the other reducing agents in larger systems due to the chemical destruction
o .2 Ty e s
1 ' ' : ‘

cost savings pos sible.{

... BATCH VS. CONTINUOUS SYSTEM e

; N The chemical destruction method for treating chromate bearing blo‘
T ! down waters may be handled in either a 'batch! or 'continuous' system. The batch
I ' ! i

: . - . \
treatment system is generally applicable to smaller systems discharging up to 25
to 30 gpm and may involve tandem holding tanks for semi-continuous operation. One

tank will be filling while the destruction process is being carried out in the other.

Since the minimum recommended settling time following the precipitation of chromic

hydroxide is 2 hours each of 'thése batch holding tanks must be sized for about 3 to

|
B T . : . !
! 4 hours capacity. ' . - a !

* B Figure I shows a typical batch destruction facility, In this case, com-

| mon feeders providing sulfur dioxi&e, sulfuric acid and caustic are used alternately
! . . , . 5 ‘ .
' with each of the chromate waste holding tanks., The treatment is begun afte;:}a

() stdrage tank is filled with blowdown waste. The rec~ifcu1ating pump operatels during’
| the entire procedure providing the mixing energy for the waste and chemical

‘being .
i i |
|




oe

e tents of the waste holdmg tank to between 2.0 and 3.0. For thxs purpose a PH |
: .

]
.‘
.'
i
i
§

v i attention than a continuous system but will insure that only completely treated -

[ ' : . . :
A ; -

: ‘ crid LABORATOHIES, ik, S , E‘

In the 1mt1a1 step, the acid pump is operated to reduce the pH of the Icon-

/

recorder- controller may be used although not absolutely essenhal When the pH

of the entire contents of the waste holding tank has been reduced to 2.0 and 3.0, a

hooster pump is started and sulfur dioxide is fed to the system unt11 all the dhromate

has been reduced to trwalent chromium by test., When this has been accomphshed

- fithe caustlc pump is started and caustic fed contmuously until the pH is in the range

| of 8. 0 to 8. 5. Again a pH recorder-controller may be used, however a s1rnp1e

{holding tank has heen elevated to the proper level the c1rculatmg pump is shut off

l

i

/

{

; :

Qmeasurement of pH is adequate When the pH of the entire contents of the waste
B |

e . . | .
and the contents of the tank a.llowed to settle for 1 to 2 hours. Precipitated chro-,

,rnium hydroxide will settle into the conical bottom of the waste holding tank.: Fol+

1
lowmg the setthng perxod the dram valve on the holding tank may be cracked open ar

the sludge drawn off to a sludge pit or other sultable means for its removal by

H

haul away or d1sposal in.sludge drying bedsj After the settled sludge has been

!

1 removed.from the wa ste holding tank, the chromium free liquid may be drawn off
to waste. The holding tank is again ready for refill..

L The batch destruction system will normally require more operator

wastes will be discharged.

(&

Contmuous destructron systems will be apphcable when the blowdowr

rate exceeds 25 to 30 gpmon a continuous basis, el:.mmatmg the need for a large

|
P

. holding ta nlr and minimizing labor requirements,
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' C NTINUOUS E:YSTEM : Lo x N . . :
: W
- The treatment of chromate bear}ncr coolmg tower blowdown watler on a
L} . . - B / ' H
“continuous basis is il’ust‘rated in Figure 2. Sulfuric ac1d is pumped mtq the_g con-
stant rate blowdown stream\to depress the pH to 2. 0 - 3.0, Next, sulfur dioxide "
e{(ec, b'{: eoz oV\ ‘7\* '

is added to reduce the chromate to trivalent chromium in the reacuon tank and

L finally a lime slurry is fed to the waste stream in a small mixing tank to precipi- _‘

. tate the chromxum hydroxlde. By elevating the pH to a range of 8.0 - 8.5, the

prec;.pﬂ:ated chrommm hydrox1de is allowed to settle out in the 2 hour gsettling basm
equipped with a sloped bottom to fac111tate sludge concentration and removal, Period
ically the sludge drain valve must be opened and the accumulated sludge run off for

removal to sludge pits, drying beds, or hauled away. o o ‘ :

In some cases with smaller,installations, the lime slurry feeder may

be replaced by a caustic feeder for the. convemence of handhng and operating. JIn
. . |

o place of sulfur dxox1de the user may prefer sodium sulﬁte, bisulfite, metabisul-

. 0
With a chromate bearmg waste stream of relatwely constant compos1-‘

fite or ferrous sulfate,

.

tion such as one would expect with the blowdown from a cooling tower, automatxc

pH controllers or chemical feeders may ‘not be required. Once the chemical feeds ‘:

are set, they should require little attention except to recharge them with chemical.’v

R Lr

As the volumetric rates of blowdown discharge increase, the ‘gr‘avity
: 1

settler w1th a sloped bottom for sludge concentration becomes proh1b1t1vely expenl- -

CQ-' r sive and would be replaced by a clanﬂer equipped ‘with a sludge scraper, This

|

i ! . . » i
4 i |
i - will in sure edequa.te removal of sludge from the settling basin as well as mamtam :




' gravity se_ttling basin with the sloped bottom becomes impractlcal at flow rate_s o

. much in excess of 100‘to 125 gpm,

tion of the clarifier w1th sludge scraper arms for the grav1ty setthng basin. | The

i l BETZ LABORATORIES, INC. o PN .

.the sludge concentratxon as hxgh as poss1ble. Flgure 2B 1llustrates the subsutu- .

i
;

.

DEPTH FILTRATION A
Recently a more economical approach to the removal of precipitated

' chromium hydroxide has become available. This is known as ‘depth filtration' and ~

utilizes a multilayer, granular type filter in conjunction with a coagulant aid feeder.

- Figure 2C shows the chromate reduction and precipitation steps as described be- -

l -
i with a small amount o£ polyelectrolyte type coagulant aid and pumped through the

o
|

| chrommm-free water produced. Because of the pretreatment w1th the coagulant

- fore. However, the wastewater carrymg the chrommm hydroxide may be admlxed

depth filter. The suspended solids are removed by the multilayer filter bed and

aid and the multilayer media, this filter is capable of treating several times the

volume of water obtainable with straight sand or anthracite filtration and at increase

throughput rates. Such a system becomes attractive in higher flow plants where the‘

1
gravity settler becomes prohibitive in size and the clarifier expensive. ;
: ' ‘ |

The filter must, of course, be cleaned by backwashmg and the result

ing sludge disposed of by haul away from a sludge pit or other sludge holding ves-;

. e
sels. Approximately 1 - 2% of the volume of waste filtered will contain the sludge

. i
in concentrated form. = , ' . ' .
{ ‘ l

The coagulant aid normally fed at a dosage of 0.5-1,0 ppm which '

" adds between 5 and 10¢ per pound to the cost of treating and removmg chromate.

!




[
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.

" "i! . “ . " .o B N
|
}

The fiitration system has the advantage of béing compact in size and

|

- ﬁ:-*}: "  can be designed for automatit operation with backwash frequency established on
) .t ' L) ) . .. ‘ . . . . . N
a programmed basis,

I
- _ION EXCHANGE METHOD -
~

Within the last several years an ion exchange technique has be_eh

developed specifically for the removal of chromate from cooling tower bl'_owd.own.

i This system utilizes an anion exchange column operating on the chloride cycle to i ‘

{iselectively extract the chromate ion from the other ions in solution. O

In operation, the pH of the blowdown stream is adjusfed to 4.5 - 5, 0.
A -

by direct acid injection. At the normal chromate levels in cooling tower blowdown

water (1N5 to 20 ppm), the‘ unit has the capacity to oper;te 3 - 4 da.ys.between: re.-;"
. . R B
generations when treating a feed free of éﬁspended solids, . ' - l |
Regeneration is ‘ca.'xl'ried out by a sodium hydroxide - sbdium chloride!
| solution whic.h strips the absorbed chromate frorﬁ the ion exchangé bedinal - 2‘%;
; con.centrateq solution which may be sent to a holding fank. There are two a.l?:ef'-' - '_

i

| natives in the handling of the eluted chromate solution:

4

"1. Reuse

2. Destruction'of chromate

.

! REUSE = °
Since the recovered chromate solution contains none of the other in-

N RSN : i .

hibitor components such as zinc or phosphate, it must be fortified with a trea,_tm'f

!
ol

. . | : . . ) . H
C) ' which'is essentially free of chromate but rich in the non-chromate constituents,
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lost with windage or carryover; a 'balanced! inhibitor might be required to

Il

In addition, since the chromate recovery system does not recover the 'chromLté

supply

——

- this makeup. EOn‘ the basis of reuse of chromate recovered from the blowdown

- v ' . A . i
: E{only, a chemical operating cost of about 5 ';er pound CrO, recovered is expected.

A

T
A s

‘. ' down waters,

in service, the ion exchange chromate ‘reéovery systém should be installed

filter before the chromate fecovery unit may be necessary.

" | sizing, capacity and estimated selling price. At least one water treatment

with and without prefiltration.

DESTRUCTION OF CHROMATE

: than its value sich as would be the case with a small system, the eluted ch

C
' above. In this case, the ion exchange system serves as a concentrating de

| can be destroyed chemically in a batch destruction tank by the methods des

o ducing a high volume - low chromate content stream to a low volume, chro

i

solids, oil, plankton, algae, etc. which are normally found in cooling tower blow-

tion prior t;: the ion exchange unit, Where coolit;g éov_ve:rs' have sid‘e"stream filtefs

- the clean filter effluent. If no éide stream filters afre insta;lled, a 'separafe pre-‘ |
' -Table}H summarizes the ion exchapge chromate recovery system

ment rpgnufacturer is presently offering these recovery units as skidfmountéd, p'r’e

| assembled, automatic systems., Pricing data in Table II reflects this basis both

In the event that the reuse of the chromate presents more of a probler

. » . o
- Equipment costs will be related to the flow rate which must be handled

In addition, the ion exchange system is sensitive to the prese'nce of suspended

i

- If these elémente;.a;'e pi'esent, the tower blowdown will require filtra-

P

to treat
.

equip-

(|

s

f

romatei

i . i
cribed,

] L

vice re-

1
I

mate-ri
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\ . . . . .
: M o . : . . . : N
. ! . . : . : Lo 8
~ ' . - .
SFEL A . . . .

R stream (regenerant) which can be easiiy handled in a sma.li batgh destruction tank;‘ E

Several systems are operating at present in this fashion. . . |
) v ) . - @ _
The ion exchange system for handling chromate bearing cooling tower.

i

’

blowdown water is gshown in Figure 3. In this case, no reduction or precipitation =

" of chromate is effected, The chromate contained in the blowdown water is re-
i moved from solution by the ion exchange unit and the chromate free effluent directed
o l " to the sewer or water course. ‘ | , :

On regeneration, sodium chromate is eluted and collected in a.holding ‘

I tank, As previously indicated, .the chromate may be batch destroyed in the conven-

| . ) ' o ‘

i tional fashion or fortified for reuse as part of the cooling system inhibitor program.
i : ‘

|

) T The ion exchange chromate recovery system can be readily automa&
- } a
: .l-i?jto minimize the need for operator attention. |
LA i : L . . !
" APPLICABILITY OF REMOVAL TECHNIQUES" | L e

-In éhoqsing from among the several systeins described in this reporti,

. ‘ one must be guided by the volumetric rate to be treated, the quality of treatment |
- - | ; ! :

" 'necessary and the user's local conditions. "n order to provide the reader with an

i
1

‘ appreciation of the applicability of each of the methods deséribed to the solution o
. . N i .

. a specific waste problem, Figure 4 plots the estimated equipment cost for the

|

1

!
?batch destruction system, continuous destruction systems, and ion exchange 'meth;od
r o . : *
'of removing chromate from cooling tower discharge. The estimates of capital
| ]

‘ C equipment investments and chemical costs,which are tabulated on Table I wil‘él'f pr.

[}

-

§
I
" S ' ‘ . ‘ P
C, , ivide the user with a first approximation of the cost for chromate removal.. } .

i . ‘ : . !
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I concLusions L R

. It has been the intent of this rgﬁort to provide the reader with al 1: ;
1. survey of the several methods and techniques available for the removal of :
17 chromate from cooling tower blowdown water, ‘Because of the great diversity -
oL . . . I

- of State and local pollution codes, no firm statement can or should be made re-~
- garding a universally applicable technique. In aﬂy but the smallest system, the o

reader is cautioned to investigate and treat each case individually., No judgment

: , _+ should be made as to the appropriate system or treatment to be effected without

" a full appreciation of the unique conditions relating to the particular installation . |-

being considered.

| AT
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Cr *’4

Loy & Z 2’6 #Cy@f Yéree
/o“c'#g{f’;‘-{. oh
2. 5g5 45 /of?f, 220 ﬁC""of Ualwes La,se

'TABLE 1

CHEMICAL REQUIREMENTS
c CHROMATE REMOVAL
o1 THEORETICAL VALUES

(\DD QA o’

L FOR 1# CrO, MusT (
v :
Sl | for dissolved otug
A,'@ . _ Reducing Agent o ' «
- R - Sodium Sodium Sodium Ferrous
oﬁoﬁ' "2,0 ~ Sulfur Dioxide Bisulfite Sulfite Metabisulfite Sulfate - TH;O
.0 . ' : '
?@6 5" #Reducing 111 1.81 2,19 1. 66 9. 65
. Agent ' g 500
'FOV“ ‘Ozveac\w\cvk i-l-\- 2’5‘0‘. c
 #Acid 0 . 0,86 .71 0,86 3.41
. (50 S T o . :
| # Alkali T e , R
| . (Ca(OH),) . 1,29 1,29 . 129 129 2,58 ’
. Price | .'
Reducing | ‘. SRR . : '
N ' ' ' . . ¢
.. Cost
. Reducing .
 Agent 12.3 9.6 8.8 - 8.9 16. 6
¢/1b Cr04 -
ag\‘ '&\r Oo. E?zw—ov-t\ ’ &201 5.0.7 ) g 1702
Cost Acid ‘ o
; ¢/1b CrO, 0 1.3 2,55 1.3 5.1
. Cost Alkali. . ; o b
L1 ¢/1bCroy 0.7 0.7 0.7 0.7 1.3
i | Total Theor. ' |
. | Chem, Cost - o
Pl ¢/ib CrOy 13,0 11. 6 12.1 10.9 23.0_ |

W th Op ‘rt’wuou:o\

25-‘1 T 22- 8

1"~ . Chem,

27 2.
b NOTE: When using SO, as reducing agent, actual requ:rementsl ‘

may be 3 - 4 times ‘stoichiometric, therefore HSO, is|i

normally used to depress the pH to2 -3 before SO, is apphed

' 1

Costs

vy vty 1 o
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TABLE II.

_ g . . IX CHROMATE REMOVAL SYSTEM -

. o | - 'Capacity o CrOy4 o :
' Dia. Unit = Capacity M Gals at Capacity - Selling Price. Selling Price
it i+ _Inches | GPM " 20 ppm CrO4 . #/Cycle $ No Filter $ With Filter -

t

1
i

I TIENE U U A 75 12,5 . 5000 - 6500
|

18 25 ° 170 . 28,5 5500 7250 -
Lo 24 50 - - ' 240.. ~  40.0 | 6450 8700

30 e . 374 es . 790 . 10750

.3 .. 115 560 935 . 9700 _ . . 13500

i

i .
e
|

-43 200 560 oo  : 160 T 12000: . ' 17750
60 315 o0 250 16000 24500
N T 3 700‘(‘ M | — ' — ' 4?’ So)ooa d
| -.c"‘hJBﬁ?Mé ) ' ~ #100,000
1, ) Reg'eﬁ;ra;tioh Requireménts  '- 24 NaCl/#CrO,

' : e , : : : 0, S#NaOH/#CrOi
R S : 0. 5#H;S0,/#CrOy .

, ‘ .2, . Pricing based on skid-mounted,
' o o ‘ o preassemblea} automatic system
R ~ """ " but exclusive of holding tank or - J
treatment for recovered CrOy. o
Filter included - pressure type,
.~automatic, : |

Title - . Ion Exchange System

i ' . LT o - . Chromate Removal, :
SRR R o o ' ,Cooling Tower Blowdown"~

o R : A : . , | . o . “ :
f C i{ K  5 ;  L N R ;3@ ?ﬂ E /66 o e

Sy g
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" the copper tubes {n the heat exchangers, but a portion of this water, after 3 to 12 cycles:

. the dissolved solids from exceeding a tolerable level, Since the chromate circulates
.. through the system unchanged, this discharge or blow-down represents a loss of the costly
R chromate and adds to the pollution of the river. l -

Chromate Recovery !

. . !
Chromate salts are added to the reoirculating cooling water (RCW) 'to retard oorrosion of

throug,h plant heat exchange equipment, must be discharged to the Scioto River to prevent

. ©
Several years ago development work on the recovery of chromate from the blow-down water
was begun; initial work was based on the use of anionic exchange resins. Laboratory

o stale experiments proved that, through proper pH control, res_ins.of the type ordinarily
.- used for water softening would remove most of the chromate from the, RCW blow-down. |
.17 "The use of anionic exchange resins is now in the pilot plant phase., The following problems

are of immediate concern: quantity of trivalent chromiuni formed in the column; the

) . effects of the water on the stability and longevity of the resin. and the extent of leakage of
".: the chromate ion into the blow-down water,

Concurrent with these pilot plant studies, laboratory studies of the fundamental aspects of

. . chromate recovery by ion exchange are being made. Tests run with RCW at a pH of 3.5

T

and the resin column at a pH of 6.5 showed little or no formation of trivalent chromium.-
However, a leakage of chromate ions into the blow-down stream does occur, When the
resin column is adjusted to a pH of 3.5, the chromate leakage is greatly reduced, but

some chromate is lost through reduction of the chromate ion to trivalent chromium,
Laboratory work will continue towards optimizing the conditions for chromate recovery; the
role played by organic materials present in the RCW in causing resin fouung and destmction
also will be mvestigated :

~ Other methods of chromate recov’ery also are being explored: recovery in a foam created

by a cationic surfactant; adsorption on activated alumina; and electrolysis through a .
permeable membrane. In a laboratory experiment, 75 per cent of the chromate in the
RCW was recovered in a foam created by adding 150 ppm of lauryl pyridium chloride (a :
cationic surfactant) to the water and blowing air through the solution, The chromate ion!.
has also been recovered by passing the RCW through a oolumn of activated alumina, but' ‘

Ced

- aers oy

3

quantitative results are not yet avallable. Commercially, it is feasible to convert '

~ fore a literature search is bemg made to determine whether this method is apphcable to
N ,recovery of chromate from the RCW

brackish water into potable water by electrolysis through a permeable membrane; there~ |
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A. Igplementation of 1971 Recommendations .

No recommendations were made during the 1971 appraisal.

B. Recommendations of the 1972 Appraisal

. s

1. Evaluate alternate methods of meeting Tennessee air pellution
emission limits from the steam plant. Assume that dependable
flue gas cleanup systems will remain to be techaologically
infeasible for small, Y-12 size steam plants through early
1975 when a2 firm plan of action should be underway to meet the
July 1, 1977, deadline.

2. Implement a plan by June 30, 1973, which will reasonably assure
. meeting the dissolved oxygen minimum limit of 5 ppm in East Fork
Poplar Creek at the outfall of New Hope Pond.

3. Expand the investigative measures to the level necessary to
promptly identify the sources of hexavalent chromium responsible
for exceeding the fish and aquatic 1ife limit of (.05 ppm in
East Fork Poplar Creek, The Y-12 data indicate that this con-
centration has been exceeded over 707 of the months in the past

. few years since this contaminant has been identified as a problem.

4. Tdentify and correct the sources of "slug" discharges of acids and
bases into East Fork Poplar Creek which are responisible for ex~
ceeding the Tennessee limit of more than one pH unit change in
24 hours. In addition, the pH fluctuation data should be routinely
included in the Air & Water Manual to give a more accurate picture
of Y-12's compliance posture and to aid in alerting selected
plant supervisioa to potential problems.

5. Cease disposing of waste oil in the burial ground "rat holes.”
Insctead, utilize controlled surface disposal, probably in the
burial ground, with Development Department ecoordination. = Experi-
mental surface disposal and associated biodegradation shows great
promize. Although these experiments are not complete, they should
be pursued aggressively and a larger gscale field test appears to
be desirable. : .

(&7
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